Abstract. Through the analysis of the temperature front, the paper compared different ventilation methods. It is very important for economic and safe grain storage. The paper simulated the horizontal ventilation and vertical ventilation process in warehouse by computational fluid dynamics method. It showed horizontal ventilation and vertical ventilation temperature chart. This paper discusses the distribution of the temperature in the granary. The numerical results were validated by comparing them with related data. The simulation results showed that the velocity of the transverse cooling front is faster than that of the vertical ventilation. The cooling rate and the cooling efficiency of lateral ventilation is higher than that of the vertical ventilation. The paper provides a theoretical basis for the operation and management of stored grain ventilation in the future.
Introduction
The security of food is closely related to the development of national economy and social stability. However, our country has a considerable portion of the total grain output every year which can't be reasonably utilized. The main cause of the loss is the erosion of insects and fungi during the storage. Through long-term practice and research, it was found that it is necessary to control the temperature and moisture of the grain heap by cooling and drying the grain heap in the barn.
The experiment and numerical simulation are two methods to study the heat and moisture transfer in grain heap. In 1997, Dawen Sun et al. [1] proposed a grain cooling model to simulate the process of grain is cooled at a place in the southeastern part of the United Kingdom during a particular season, and was verified by experiments. In 2001, Chongwen Cao and others [2] used the finite element method to simulate the variation of wheat temperature with time, but did not simulate the change of water content. In 2006, Wei Gu et al. [3] studied the numerical simulation of the ventilation design of the commonly used U type geosyncline by means of computer flow simulation. The application of this method provides a basis for the optimal design of mechanical ventilation in grain storage. In 2012, Xiangli Li et al. [4] based on computational fluid dynamics theory, simulated the internal temperature and moisture variation of grain warehouse. 2013, Zhongquan Bai [5] took wheat as porous medium matrix, used the numerical simulation method, studied the changes of the environment temperature under fixed temperature and moisture in grain bulk with time. In 2016, Yuancheng Wang et al. [6] used computational fluid dynamics method to analyze the internal flow, heat transfer and moisture migration in the air during the horizontal ventilation.
In this article, the transverse ventilation and vertical ventilation of horizontal warehouse was simulated by computational fluid dynamics method. 2015, Bangzao Shen et al. [7] chose two of the same rice warehouse, installed a transverse ventilation system in the test warehouse, installed a vertical ventilation system in the control warehouse, in the same environment and climate conditions, they fully tested and compared the two ventilated ventilation cooling effect. In this paper, the simulation results were compared with the experimental results, which verified the validity of the mathematical model.
Physical Model
The paper take two grain storage of a Provincial Grain Reserve as the object of study, they have the same size, the same kind of food, the same temperature into the air and different ventilation. One installed a transverse ventilation system, it is test warehouse, the other installed a vertical ventilation system, it is control warehouse. Warehouse is 30 m in length, 17.5 m in width, eaves is 7 m in height, design stack grain line is 5 m in height, actual stack grain line is 4.7 m in height. The grain volume is about 2450 m 3 , and the air volume is about 1200 m 3 . In order to facilitate the analysis, the temperature and moisture changes in the middle section of the half length direction were analyzed and discussed. The physical model is shown in Fig.1 and Fig. 2 . 
Materials and Methods
The initial temperature of the grain heap in the test warehouse is 293K, the per unit air volume is 7.13m 3 /h*t, and the initial temperature of the grain heap in the control warehouse is 290.5K, and the per unit air volume is 11.87m 
Governing Equation
Grain piles can be viewed as a typical porous medium, and the flow of air in the grain heap accords with the law of conservation of physics, therefore, based on the theory of heat and mass transfer in porous media, a mathematical model of air flow in the cooling and ventilation process is established.
Mass Conservation Equation
( ) ( ) .
ɛ is porosity, ρ a is the air density, t is time, u is the apparent velocity of air.
Momentum Equation
S i is the source term in the momentum equation describing the resistance of air flow.
Energy Equation
c a is the specific heat of air, c g is the specific heat of the grain heap, c w is the specific heat of water, k is the effective thermal conductivity of grain heap. S h is the source term, which means the heat produced by grain adsorption or desorption of moisture. figure 5 are the internal temperature distribution diagram of the ventilation of 1h, 132h and 264h, respectively. The initial average temperature of the grain heap is about 293 K, after the ventilation of 264h, the average temperature of the grain heap is about 278.3K, which reduces the temperature of 14.7K. In Figure 3 , after 1 hour ventilation, cold air through the air duct into the grain heap inside, the cooling process of the grain heap has just begun. In Figure 4 , after 132 hours ventilation, the cooling front has passed through the middle section of the grain pile, the cold air and the grain heap were subjected to severe convective heat transfer. There is a temperature exchange area between the cooled zone and the uncooled zone. Because the grain surface is not permeable, the upper air of the grain heap can heat transfer only a film covered in a grain heap, so the temperature exchange area of the air region is larger than the temperature exchange area inside the grain heap. In figure 5 , after 264 hours ventilation, the temperature wave has passed through the whole grain heap, the stratification of the temperature in warehouse has occurred. But the temperature does not decline in the direction of the grain heap span, because the air inlet temperature fluctuates with the number of day. In Figure 3 , after 1 hour ventilation, cold air through the air duct into the grain heap inside, the cooling process of the grain heap has just begun. In Figure 7 , after 132 hours ventilation, the grain heap near ventilation cage is cooled, there is a distinct cooling front between the cooling zone and the uncooled zone, where the heat exchange is intense. In Figure 8 , after 264 hours ventilation, the whole grain heap are cooled to form multilayer temperature zone. Figure 9 is temperature chart of cross section of test warehouse with time after ventilation of 264 h, the section is the vertical facade along the length. In Figure 9 , the cold air is moving from the x = 2.2 m cross section of the grain heap to the grain x = 15.4 m cross section, the cold front gradually pushed the temperature down, the speed of cooling front is 0.059m/h. Figure 10 is temperature chart of cross section of control warehouse with time after ventilation of 264 h. The section is the horizontal facade along the length. In Figure 10 , the cold air is moving from the y = 1.1 m cross section of the grain heap to the grain y = 4.1 m cross section, the cold front gradually pushed the temperature down, the speed of cooling front is 0.01577m/h. The temperature of the section in Figure 9 and figure 10 decreases slowly with time. When the section temperature is reduced to a certain extent, the fluctuation is due to the change of the cold air temperature with the time.
Results and Discussion

Temperature Variation of Grain Heap in Test Warehouse with Time
Temperature Variation of Grain Heap in Control Warehouse with Time
Temperature Variation of Cross Section Temperature with Time
Comparison between Simulated Data and Experimental Data
2015 Shen Bangzao and others adopted two warehouse, they comprehensive tested and compared the cooling effects of two storehouses. This simulation is compared with their experimental data to verify the validity of the simulation. 
Conclusions
In this paper, the CFD theory model was used to simulate the temperature field of the horizontal and vertical ventilation of the grain heap in the 264 hours of ventilation, the simulation results show that the temperature distribution of grain heap and the variation of temperature of each section of grain heap with time. The simulation results show that there is a certain degree of stratification phenomenon in the vertical and horizontal ventilation of grain heap, because of the resistance of the grain when the airflow moves through the grain.
The per unit air volume of grain heap in transverse ventilation is 7.13m 3 /h*t, the speed of cooling front is 0.059m/h. The time of transverse ventilation was 264h, the scale of drop in temperature is 14.7K. The per unit air volume of grain heap in vertical ventilation is 11.87m 3 /h*t, the speed of cooling front is 0.01577m/h. The time of vertical ventilation was 264h, the scale of drop in temperature is 12.32K. The transverse ventilation system can achieve better cooling effect than the vertical ventilation system with smaller unit ventilation. The air flow in the grain heap of transverse ventilation is longer than that that of the vertical ventilation, so the front speed of the transverse ventilation is faster than that of the vertical ventilation. Compared with the vertical ventilation, the inner temperature distribution of the transverse ventilation is more uniform, the cooling rate is faster and the cooling efficiency is higher.
